The matrix metalloprotease-1 (MMP-1)/protease-activated receptor-1 (PAR-1) signal transduction axis plays an important role in tumorigenesis. To explore the expression and prognostic value of MMP-1 and PAR-1 in esophageal squamous cell carcinoma (ESCC), we evaluated the expression of two proteins in resected specimens from 85 patients with ESCC by immunohistochemistry. Sixty-two (72.9%) and 58 (68.2%) tumors were MMP-1-and PAR-1-positive, respectively, while no significant staining was observed in normal esophageal squamous epithelium. MMP-1 and PAR-1 overexpression was significantly associated with tumor node metastasis (TNM) stage and regional lymph node involvement. Patients with MMP-1-and PAR-1-positive tumors, respectively, had poorer disease-free survival (DFS) than those with negative ESCC (P = 0.002 and 0.003, respectively). Univariate analysis showed a significant relationship between TNM stage [hazard ratio (HR) = 2.836, 95% confidence interval (CI) = 1.866-4.308], regional lymph node involvement (HR = 2.955, 95%CI = 1.713-5.068), MMP-1 expression (HR = 2.669, 95%CI = 1.229-6.127), and PAR-1 expression (HR = 1.762, 95%CI = 1.156-2.883) and DFS. Multivariate analysis including the above four parameters identified TNM stage (HR = 2.035, 95%CI = 1.167-3.681), MMP-1 expression (HR = 2.109, 95%CI = 1.293-3.279), and PAR-1 expression (HR = 1.967, 95%CI = 1.256-2.881) as independent and significant prognostic factors for DFS. Our data suggest for the first time that MMP-1 and PAR-1 were both overexpressed in ESCC and are novel predictors of poor patient prognosis after curative resection. The MMP-1/PAR-1 signal transduction axis might be a new therapeutic target for future therapies tailored against ESCC.
Introduction
Esophageal squamous cell carcinoma (ESCC), the major histological form of esophageal cancer in East Asian countries, is a highly aggressive malignancy with a poor prognosis (1) . Because of its high frequency of lymph node metastases and recurrence, multimodality treatments including surgery, chemotherapy, and radiotherapy are often required to counter this disease. Despite such treatment combinations, the prognosis of patients with ESCC is still unsatisfactory (2) . Assessment of prognosis based on clinicopathologic features remains inadequate even when using the staging systems of tumor node metastasis (TNM) classification because of the considerable variability and heterogeneity within the same stage (3) . Therefore, it is important to evaluate and establish novel prognostic markers for ESCC to enable its diagnosis at an early stage when radical resection is possible.
The tumor metastatic cascade consists of multiple successive steps, including adhesion of tumor cells at primary site, invasion of intravascular space, dissemination to distant sites, adhesion of tumor cells to the vascular endothelium of distant tissues, extravasation and invasion of surrounding tissues, and finally formation of secondary tumor colonies (4, 5) . To facilitate cell motility, invading cells need to change the cell-cell adhesion properties, rearrange the extracellular matrix (ECM) environment, suppress anoikis and reorganize their cytoskeletons (6) . The degradation of the ECM during the migration process requires the action of proteolytic enzymes such as metalloproteinases (MMPs), which are zinc-dependent endopeptidases. Depending on the substrate specificity and structure, they are divided into several subgroups: collagenases (e.g., MMP-1), stromelysins (e.g., MMP-3; MMP-10), matrilysins (e.g., MMP-7; MMP-26), gelatinases (e.g., MMP-2; MMP-9), and membrane-type MMP-1 (MT1-MMP) (7) . It has been demonstrated that MMPs contribute to normal biological processes such as embryonic development and tissue repair, and also play a major role in the growth, invasion, and metastasis of malignant tumors (8) . In particular, interstitial collagenase (MMP-1) is associated with poor patient prognosis in malignant melanoma and in breast, ovarian, colorectal, pancreatic, and gastric cancers (9) (10) (11) (12) . The findings of Grimm et al. (13) suggested that MMP-1 plays a role as a preinvasive factor in Barrett's esophagus-associated esophageal adenocarcinomas. They also found that the expression of MMP-1 in proliferating Barrett's esophagus and esophageal adenocarcinoma cells suggests malignant proliferation following the clonal expansion model (13) . In addition, MMP-1 proteolytically activates the G-protein-coupled receptor protease-activated receptor-1 (PAR-1), suggesting that MMP-1 has a greater role in tumor progression by activating signal transduction pathways and modulating cell behavior. PAR-1 is also an oncogene, and is overexpressed in several types of cancers, including breast and colorectal cancers and melanoma (14) (15) (16) . Signaling through PAR-1 facilitates tumor invasion, angiogenesis and metastasis by inducing the expression of genes associated with cell adhesion, invasion and survival. However, the activation and the prognostic value of the MMP-1/PAR-1 signal transduction axis in ESCC are still uncertain. To further explore the expression patterns of MMP-1 and PAR-1 and to determine whether these proteins could be prognostic factors in ESCC, we investigated their expressions in a series of ESCC using immunohistochemical staining. The correlation of these proteins with survival of ESCC patients was also addressed.
Patients and Methods

Patients and tissue samples
The study was approved by the Research Ethics Committee of the Third Xiangya Hospital, the Central South University, China. Written informed consent was obtained from all patients. All specimens were handled and made anonymous according to ethical and legal standards.
The study involved 85 patients with histopathologically confirmed primary thoracic esophageal cancer who underwent surgical resection at our hospital between 2000 and 2005. They included 9 female and 76 male patients, ranging in age from 36 to 82 years (median 66.1 years). Subtotal esophagectomy via right thoracotomy with two-or three-field lymphadenectomy was performed in all patients. Curative resection (R0) was achieved in 81 patients (95.3%), while the outcome for the remaining 4 (4.7%) patients was noncurative resection (R1, R2). Forty-five patients with lymph node metastasis at initial diagnosis received neoadjuvant chemotherapy, which consisted of two courses of 5-fluorouracil (5-FU), cisplatin (CDDP), and adriamycin (ADM). We provided adjuvant chemotherapy (docetaxel or CDDP plus 5-FU) to 6 patients with larger numbers of pathologically positive lymph nodes. None of the patients died of postoperative complications.
After surgery, the patients were surveyed every 3 months by physical examination and serum tumor markers (squamous cell carcinoma antigen, carcinoembryonic antigen), every 6 months by computed tomography scan and abdominal ultrasonography, and every year by endoscopy until tumor recurrence was evident. Patients with tumor recurrence received chemotherapy or chemoradiotherapy, as long as their systemic condition permitted. Mean overall survival was 33.0 months and mean disease-free survival (DFS) was 26.8 months. The mean follow-up period after surgery was 42.6 months.
Clinical and pathologic parameters were obtained from the pathology reports and are presented in Table 1 .
Immunohistochemical analysis
Tumor samples were fixed with 10% formaldehyde in phosphate-buffered saline (PBS), embedded in paraffin, and sectioned into 4-µm thick sections. Immunohistochemical study for MMP-1 and PAR-1 was performed using the avidinbiotin-peroxidase complex method. Briefly, the sections were deparaffinized and dehydrated using a graded series of ethanol solutions. Endogenous peroxidase activity was inhibited by the administration of 0.3% hydrogen peroxidase and methanol for 20 min in each section. After rinsing in PBS, the tissue sections were processed in 0.01 M citrate buffer, pH 6.0, inside a heat-resistant plastic container. Sections were then irradiated in a domestic microwave oven for 20 min. After microwave irradiation, the slides were allowed to cool at room temperature. The following antibodies were applied as primary antibodies: mouse monoclonal anti-MMP-1 antibody (1:1000; sc-21731; Santa Cruz Biotechnology, USA), and goat polyclonal anti-PAR-1 antibody (1:1000; sc-8202; Santa Cruz Biotechnology). The sections were incubated with these primary antibodies overnight at 4°C, followed by the anti-mouse (for MMP-1) and anti-goat (for PAR-1) secondary antibodies, respectively. The results were visualized with diaminobenzidine. In each immunohistochemistry experiment, sections of breast cancer were taken to be the positive control slides for both MMP-1 and PAR-1 staining. Negative controls were performed by replacing the primary antibodies with PBS.
MMP-1 and PAR-1 staining for each ESCC sample was judged to be positive when more than 10% (17) of the cancer cells in the section were immunoreactive to MMP-1 and PAR-1, respectively, and negative when 10% or less of the cells were positive to either marker. All slides were evaluated independently by two pathologists and then by conference in case of disagreement. Both pathologists were blind to the clinicopathologic data. 
Statistical analysis
The SPSS software version 12.0 for Windows (SPSS Inc., USA) and SAS 9.1 (SAS Institute, USA) was used for statistical analysis. The association of MMP-1 and PAR-1 expression with the clinicopathologic characteristics was analyzed using a contingency table. Statistical significance was evaluated with χ 2 tests. Prognostic variables were assessed by the log-rank test, and free DFS was analyzed by the method of Kaplan and Meier. Cox's proportional hazard regression model with stepwise comparisons was used to analyze the independent prognostic factors. Differences were considered to be statistically significant when P was less than 0.05.
Results
Expression of MMP-1 and PAR-1 in ESCC
A total of 85 samples ( Table 1 ) that contained both cancerous and non-cancerous lesions were evaluated for MMP-1 and PAR-1 protein expression by immunohistochemical analysis. Of these, 62 (72.9%) were positive for MMP-1 expression, mainly on the cell membranes and/or in the cytoplasm of tumor cells ( Figure 1A ), while the remaining 23 (27.1%) were negative. PAR-1 immunoreactivity was observed in the cytoplasm of tumor cells in ESCC tissues ( Figure 1C ). Positive PAR-1 expression was observed in tumor cells of 68.2% (58/85) ESCC tissues. The positive staining was almost homogeneous in the single cancer nest and in different areas (surface, central, and deepest areas) of the cancer lesion. In contrast, none of the normal squamous epithelium showed a significant level of immunohistochemical staining for PAR-1 ( Figure  1B and D) . The grading of immunostained sections by the two pathologists was almost identical, with inter-observer variation of less than 10%.
Association of MMP-1 and PAR-1 expression with clinicopathologic parameters. To obtain a better understanding of the clinical significance of MMP-1 and PAR-1 expression in ESCC, we correlated their expression with a series of clinicopathologic parameters. As shown in Table 1 , MMP-1 and PAR-1 overexpression was significantly associated with both TNM stage (P = 0.021 and 0.028, respectively) and regional lymph node invasion (P = 0.012 and 0.016, respectively). There was no significant association with age, gender or histological grade ( Table 1) . 1.256-2.881, P = 0.0009) as independent and significant prognostic factors for DFS (Table 3) .
Correlation of MMP-1 and PAR-1 expression with
Discussion
The present study of MMP-1 and PAR-1 expression in 85 resected ESCC specimens showed positive tumor cell MMP-1 and PAR-1 expression in 72.9 and 68.2% of the specimens with negative immunostaining in the normal squamous epithelium, respectively. MMP-1 and PAR-1 protein expression correlated with TNM stage and regional lymph node invasion. With respect to prognosis, immunostaining of ESCC for MMP-1 and PAR-1 was a significant determinant of unfavorable prognosis. In addition to positive expression of MMP-1 and PAR-1, multivariate analysis also identified TNM stage as an independent prognostic predictor for DFS. Therefore, immunostaining for MMP-1 and PAR-1 could be considered for the prediction of an unfavorable prognosis for patients who undergo ESCC resection.
MMPs decompose the ECM and basal membrane and play a leading role in the process of tumor invasion and metastasis. Recent studies have demonstrated that MMPs are involved in early tumorigenesis by modulating cell proliferation, apoptosis, and host immune surveillance (18, 19) . In human ESCC cells, MMPs have been shown to correlate with malignant grade and metastasis. For example, Yamashita et al. (20) studied 48 tumor/normal pair samples of human esophagus by Northern blot analysis and demonstrated that the tumor tissue of esophageal carcinoma showed a higher expression of MMP-7 mRNA than the corresponding normal tissue. Their findings also indicated that MMP-7 might be a novel prognostic factor for patients with esophageal carcinoma. Zhou et al. (21) demonstrated that the serum autoantibody levels of MMP-7 may be a good diagnostic biomarker for ESCC. In addition, Lukaszewicz-Zajac et al. (22) reported that serum levels of MMP-9 were significantly higher in ESCC patients compared to healthy subjects and serum concentrations of MMP-9 tended to increase in patients with advanced cancer. Mroczko et al. (23) also proved the synthesis of MMP-9 by cancer cells as well as by inflammatory cells and its correlation with tumor stage, tumor size, depth of tumor invasion, and lymph node metastases. Wu et al. (24) further showed that MMP-9 gene P574R polymorphism may contribute to a genetic risk factor for ESCC in a Chinese population. Moreover, the study of Shima et al. (25) suggested that MMP-2 and MMP-3 play an important role in tumor invasion and metastasis and that analysis of MMP-2 and MMP-3 production is useful for the evaluation of malignant potential in esophageal carcinomas. The results of Shen et al. (26) We showed here that MMP-1 and PAR-1 were overexpressed in ESCC. MMP-1 and PAR-1 might be significant diagnostic markers for ESCC. More importantly, MMP-1 and PAR-1 could serve as independent prognostic markers for ESCC. Therefore, the MMP-1/PAR-1 signal transduction axis may play a significant role in the progression of ESCC, which is consistent with most other cancers. Further studies will be needed to establish the biological significance of MMP-1 and PAR-1 expression and to examine the possibility of their use as therapeutic targets in ESCC. We hope that the findings of this study will stimulate exploration of effective treatment strategies and the development of new therapeutic approaches for ESCC, such as antibody therapy or functional inhibition of expression.
